University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Publications from USDA-ARS / UNL Faculty

U.S. Department of Agriculture: Agricultural
Research Service, Lincoln, Nebraska

2002

Impact Of Intensive Cropping Systems On Physical Properties Of
Surface Soils
G.A. Peterson
Colorado State University, gary.peterson@colostate.edu

D.G. Westfall
Colorado State University

L.A. Sherrod
USDA-ARS

T. M. Shaver
USDA-ARS, tshaver2@unl.edu

Follow this and additional works at: https://digitalcommons.unl.edu/usdaarsfacpub
Part of the Agricultural Science Commons

Peterson, G.A.; Westfall, D.G.; Sherrod, L.A.; and Shaver, T. M., "Impact Of Intensive Cropping Systems On
Physical Properties Of Surface Soils" (2002). Publications from USDA-ARS / UNL Faculty. 1059.
https://digitalcommons.unl.edu/usdaarsfacpub/1059

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Agricultural Research
Service, Lincoln, Nebraska at DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in
Publications from USDA-ARS / UNL Faculty by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.

Proceedings of the Great Plains Soil Fertility Conference,
Denver, Colorado, March 5-6, 2002, ed. Alan J. Schlegel.

IMPACT OF INTENSIVE CROPPING SYSTEMS ON PHYSICAL
PROPERTIES OF SURFACE SOILS
G.A. Peterson, D.G. Westfall, L.A. Sherrod, and T. M. Shaver
Colorado State University and USDA-ARS
Fort Collins, CO
gary.peterson@colostate.edu
970-491-6804

ABSTRACT
The objective of this paper is to report the cumulative effects of cropping system intensification
on the near surface soil physical properties (surface one inch of soil) within the Colorado dryland
agroecoystem project, which has been in existence since 1986. Intensifying cropping systems
from wheat-fallow to wheat-com-fallow to continuous cropping, increased crop residue return to
the soil. Returning more residue to the soil surface: (I) decreased bulk density; (2) increased
effective porosity; (3) increased sorptivity; (4) increased macro soil aggregation; and (5)
appeared to improve potential water capture of the overall system. Increases in surface soil
aggregation and effective porosity were linearly related to crop residue return. These data imply
that long-term use of intensified cropping systems should result in improved soil physical
conditions that will enhance overall system productivity.

INTRODUCTION
Great Plains dryland agriculture is a risky venture because of large annual fluctuations in
precipitation, high evaporation potentials, and limited crop diversity (Greg, 1979). Increasing the
amount of soil water stored, decreases risk of crop failure because it improves the chances of
crop survival between precipitation events. Water capture, the first step in soil water storage, is
often limited by soil water infiltration rate. Many of the precipitation events in the Great Plains
are high intensity storms that exceed infiltration rates and water ponding and/or runoff occurs;
both resulting in water loss. Obviously runoff is lost from the system because it is rapidly
removed from the system. More subtle is the loss of ponded water and/or the water that resides
in the upper 1 to 2 inches of soil after a storm. Most spring and summer rainfall events in the
Great Plains (75% of annual precipitation received in this period) are followed by warm air
temperatures with low relative humidity, and often accompanied by moderate winds. Thus much
of the water present at the surface after a storm can be lost to evaporation before it enters the
effective soil water storage zone. If the rainfall enters the soil rapidly, and moves to soil depths
greater than 2 inches, the opportunity for evaporation is greatly reduced.
Infiltration rate of water into soil is governed by the macro-pore space present at the soil
surface, which in turn is controlled by soil aggregate size. Unfortunately many of our low
organic matter soils have aggregate size distributions that are on the small side, which limits
infiltration. In addition many of these soils are high in silt and low in organic matter, which
results in weak structural units that are easily broken by raindrop impact and/or tillage.
Correct management of crop residues can help ameliorate the problem. Increasing residue
additions and slowing their decomposition can result in increased soil organic matter content,
which in turn strengthens structure. No-till systems slow residue decomposition relative to tilled
systems, and thus are a first step in providing a more lasting carbop. supply for organic matter
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accumulation. The absence of tillage also decreases the chance of destroying eXIstmg soil
aggregates. Crop residue left on the soil surface also provides protection for the soil aggregates
by absorbing the energy of the raindrop impact, which keeps pore space intact.
Research has shown that cropping intensification in Central Great Plains dryland systems
is feasible agronomically (Farahani, et aI., 1998; Norwood, 1994 and Peterson et aI., 1996) and
economically (Dhyuvetter, et aI., 1996). The key to intensification has been no-till
management. Crop residue return in the more intense systems has exceeded wheat-fallow by 75
to 100% (Ma, et aI., 1999). These residues have the potential to improve the overall precipitation
use efficiency of the system.
Our hypothesis for this study was that cropping systems that produce more biomass and
return more residue to the soil surface would: (1) decrease bulk density; (2) increase porosity;
(3) increase sorptivity; (4) increase overall soil aggregate size distribution; and (5) improve
overall system water capture and storage.
MATERIALS AND METHODS

This study was conducted within the Dryland Agroecosystem Project operated by
Colorado State University and the Great Plains Systems Research unit of the USDA-ARS. A
complete description of the project, which was initiated in the 1985-86 crop year, can be found in
Peterson, et aI., (1993). Our study of cropping system effects on soil physical properties focuses

Experimental
Design
Fadon:
• "rccipitatino
• Tcmperatllre
• Ev"pomtioll
I'(.tcmial

CrOPI)ing System
['-'-", Variables

Factors:

l2@:~2~~~~,,~

• Top Soil
• Depth
• FntililY
10

Wakr.Il()lding r'lpadty

10

Organic r.laner

~~~-:~~."<"'~<::::'<:::::. '.~

I

~1t~\>,~

"'-

!J

F~:~:~:"<~~ iJ<~/
•Re~idu;·~~-~·:~.::~· .,.--~-~-, >"
nfSumllltr
• AmnuHt

htllow

oln"'OI\)pulmion DynamiG
• \Vced Population DynaJ\1 ie,

Figure 1. Experimental design with climate, soil, and cropping system
variables.

on the 1986-1997 time period within this project. The experiment design allows evaluation of the
interactive effects of climate, soils and cropping systems (Fig. 1). All sites have long-term
precipitation averages of approximately16-18 inches, but increase in potential evapotranspiration
(PET) from north to south. Growing season open pan evaporation, an index of potential PET, is
63, 68, and 78 inches at Sterling, Stratton, and Walsh, respectively. Each of the three sites
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(Sterling, Stratton, Walsh) has a catenary sequence of soils common to its geographic area. The
soil catena at each site is divided into summit, sideslope and toe slope positions.
Cropping systems that represent increasing cropping intensity with less summer fallow
time were placed across the soil sequence at each site. Cropping systems were wheat-fallow
(WF); wheat-corn-fallow (WCF); wheat-corn-millet-fallow (WCMF); continuous cropping (CC)
and perennial grass (G). At the Walsh site sorghum (S) was substituted for com and millet. All
systems are managed with no-till to as great an extent as possible. Management details regarding
varieties, fertilization, and weed control can be found in Peterson, et aI. (2001).
Two of the soil positions, summit and toeslope, and three of the cropping systems, WF,
WCF (WSF at Walsh) and CC were selected for our study of physical properties at each of the
three sites. Most important to water capture are the physical properties of the surface soil (one
inch depth), as this layer is the initial soil water interface. We measured soil bulk density, total
and effective porosity, sorptivity, and aggregate size distribution for the 0-1 inch depth in each
replication for the two soil positions and three cropping systems on samples taken in spring 1998
(Shaver, 2000). Sorptivity is the cumulative infiltration proportionality constant, which is the
amount of time required for a given quantity of water to infiltrate the soil. It integrates
aggregation and porosity characteristics of a soil as they relate to immediate water infiltration.
We also measured the soil organic carbon (SOC) for each treatment combination (Peterson, et
aI., 1999)

RESULTS AND DISCUSSION
Increasing cropping intensity increased total biomass production and thus increased the
carbon return to the soil surface (Fig. 2). This translates into improved residue cover at wheat
planting time for the more intensive systems (Fig. 3). The summer rainfall pattern of the central
Great Plains is a favorable environment for crops like com, sorghum, and millet and cropping
intensification has been made possible and profitable with the adoption of no-till management
(Farahani, et aI.,1998; Norwood, 1994 and Peterson et aI., 1996; Dhyuvetter, et aI., 1996).
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Figure 2. Total biomass production (above ground) as affected by cropping system (1986·1997).

Cropping intensification decreased soil bulk density of the surface one inch of soil (FigA)
as we had hypothesized. Figure 5 shows that the decrease in bulk density was directly related to
the amount of total biomass added over the course of the experiment. This means that increasing
cropping intensity has positively influenced the water capture process because decreased density
increases surface soil porosity.
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Figure 3. Crop residue present at wheat planting as affected by cropping system (1986-1997)
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Figure 4. Soil bulk density of the surface one inch of soil as affected by cropping system. [L.S.D. = 0.07]
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Figure 5. Soil bulk density of the surface one inch of soil as a function of total residue biomass added over a
12 year period. [B.D. = O.OOOOl(Biomass) + 1.6876] [R 2 = 0.70]

The net improvement in effective surface porosity as related to biomass addition is shown
in Figure 6. Effective porosity was calculated based on the soil already at the 0.1 bar water
content, and so it represents the minimum "available space" for immediate water storage when a
rain event occurs. The decreased bulk density and mcreased effective porosity was accompanied
by an increase in macro-aggregates (Fig. 7), which indicates that the increased porosity is
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comprised of substantial amounts of macropore space, which is highly beneficial for rapid water
penetration.
Effective Porosity; %
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Figure 6. Effective porosity as a function of total residue biomass added over a 12 year period.
[Efr. Porosity = O.0003(Biomass) + 16.71] [R 2 =0.67]
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Figure 7. Macro- and micro-aggregates as affected by cropping system. [L.S.D. = 1.2]

Unfortunately the sorptivity parameter, which we had postulated would integrate bulk
density, soil porosity, and aggregation properties in terms of water receptivity at the surface, was
not significantly affected by cropping system (Fig. 8). Apparently the technique we used was
not sensitive enough to do the integration.
The improved aggregation and lower bulk density were functions of the additional
biomass generated by the intensive systems. As anticipated, SOC has been positively impacted
by cropping system intensification (Fig. 9). Substantial increases in SOC have occurred in the
surface 1 inch of soil. However, in the WF system these gains are offset by losses in the 2-4 soil
depth. The CC treatment had the largest gains in SOC for all cultivated systems, which agrees
with all of the observed changes in physical properties.

CONCLUSIONS AND IMPLICATIONS
Systems that returned more residue biomass to the soil surface: I) decreased bulk density:
2) increased porosity; 3) increased sorptivity; 4) increased macro soil aggregation in the surface
2.5 cm of soil; 5) increased SOC; and 6) appeared to improve potential water capture of the
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overall system. Long-term use of no-till intensive cropping systems should improve water
capture and provide a positive feedback to the overall system.
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Figure 8. Sorptivity as related to cropping system. [No differences at 0.05 probability level]
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Figure 9. Change in soil organic carbon (SOC) from 1986 to 1987 as affected by cropping system.
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